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Abstract 
Aiming at the lack of applied mechanics analysis of asphalt overlay on old cement pavement, based on elastic half-
space theory, the three-dimensional finite element model is built. The coupling stresses of asphalt overlay on old 
cement pavement under vehicle load and temperature load are systematically studied, and based on this asphalt 
overlay typical structures suitable for different highway grades are recommended. The results show that the 
reasonable thickness of asphalt overlay is 6cm~11cm, the reasonable thickness of stress absorption interlayer is 2cm, 
and asphalt overlay should adopt modified asphalt to improve its performance. Results provide the mechanics basis 
for design and construction of asphalt overlay. 
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1. Introduction 
Pavement structures exposed to the natural environment mainly bear the combined effect of vehicle 
load and temperature load. Research results have shown [1-2] the force status of asphalt overlay under 
coupling stress is more complex than under single vehicle load or temperature load, and the destruction of 
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coupling stress to asphalt overlay is more than separate load stress or temperature stress. But at home and 
abroad there are many studies of load stress or temperature stress of asphalt overlay on old cement 
pavement [3-6]. While the research on coupling stress of asphalt overlay under the action of vehicle load 
and temperature load is still not systematic and in-depth. Meanwhile at home and abroad [7-8] there are 
not reasonable asphalt overlay structures based on highway grade and force status of asphalt overlay 
under coupling action of vehicle load and temperature load. Therefore, coupling stress of asphalt overlay 
should be in-depth studied and reasonable overlay structures are recommend. In this paper, the finite 
element model is built based on elastic half-space theory, the influence law which on coupling stress of 
asphalt overlay under coupling action of vehicle load and temperature load, is studied by factors such as 
stress absorbing interlayer thickness, stress absorbing interlayer modulus. And asphalt overlay typical 
structures are recommended based on above research.  
2. Materials and Numerical Model  
2.1. Coupling Stress Analysis Process under Temperature and Vehicle Load  
The coupling stress of asphalt overlay under vehicle load and temperature load is analyzed using 
indirect coupling method. First, thermal analysis calculation is conducted, and the node temperatures 
from thermal analysis are put on the nodes of structural units, and then temperature stress is solved, after 
vehicle load application, the stresses under the action of vehicle load and temperature load are obtained. 
Coupling analysis process is as follows: (1) Node temperatures are obtained by transient thermal analysis; 
(2) The heat load is deleted, and thermal analysis is turn into structural analysis; (3) Element type is 
changed from thermal analysis to structural analysis, and structure material parameters are defined; (4) 
The analysis type and analysis options are selected; (5) Putting on structural load, the thermal analysis 
results as the external load are added to the structure analysis; (6) Load step options are fixed and 
calculation is carried out. 
2.2. Computer Calculation Model and Parameters 
The three-dimensional finite element model is built based on elastic half-space theory. The plane 
dimension of asphalt overlay and old cement pavement is 9.01m×4.5m, typical cement slab width is 
4.5m, 0.01m for joints or cracks between slabs. Plane dimension of subgrade is 12.01m×6.5m, the depth 
is 9m. The vehicle load used as standard axle load is 100KN, and tire pressure is 0.7MPa. The scope of 
single wheel with diameter of 21.3cm is equivalent to 18.9cm×18.9cm. The space between two wheels is 
32cm. The vehicle load locates in cement slab edge (near joint), see Fig. (1). The model meshing figure 
and calculation cloud figure are shown in Fig. (2). Calculation parameters are shown in Table 1. 
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Fig. 1 Pavement structure, vehicle load and its location                                           Fig. 2 Model meshing and calculation cloud figure 
Table 1. Structural and Thermodynamic Parameters 
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Structural layer Thickness (cm) 
Elastic modulus 
(MPa) 
Poisson's 
ratio 
Heat conductivity 
(W/m·�) 
Coefficient of thermal 
expansion (1/�) 
Asphalt overlay 6~22 600~2200 0.25 1.2 2.0×10-5 
Geosynthetics 0.5 10~5000 0.45 1.0 0.5×10-5 
Stress absorption 
interlayer 2.5 800 0.25 1.2 2.1×10-5 
Old cement pavement 22 30000 0.15 1.5 1.0×10-5 
Subgrade — 100 0.35 1.0 0.5×10-5 
3. Mechanical Analysis of Asphalt Overlay on Old Cement Concrete Pavement 
(1) Structure The Influence of Temperature Variation on Asphalt Overlay Coupling Stress. 
Temperature variation of asphalt surface is taken as -5�, -10�, -15�, -20�, -25�, and adding to vehicle 
load for coupling analysis. Reference temperature of pavement structure is 0�. The asphalt overlay 
modulus is 1200MPa. Coupling stress results of asphalt overlay are shown in Fig. 3(a) and Fig. 3(b). σ1 is 
the first principal stress, σe is the equivalent stress, τmax is the maximum shear stress. 
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(a) Without stress  absorption interlayer                         (b) with stress absorption interlayer 
Fig.3. The influence of temperature variation on coupling stress 
From the results we know that (1) In the case of without stress absorbing interlayer, as temperature 
variation increases, σ1, σe and τmax linearly increase. The change rate of σ1, σe and τmax is respectively 
about 0.102MPa/�, 0.047 MPa/�, and 0.083 MPa/�. When temperature variation is -25�, σ1, σe and 
τmax are 47.99times, 16.19times and 16.38times that when temperature variation of -5�, and are 
3.04times, 3.04times and 3.06times that when temperature variation as -10�. This shows that in the early 
temperature reduction, with temperature sudden changes, stresses in pavement structure are relatively 
large. When temperature variation reaches a certain value, its influence on pavement stress will slow 
down. (2) After paving stress absorbing interlayer, with temperature variation increases, the stresses in 
pavement structure continue to show a linear growth, but growth rate decreases, are respectively 
0.469MPa/�, 0.251MPa/�, and 0.435MPa/�, and stresses are lower.  
 (2) The Influence of Stress Absorbing Interlayer Modulus on Asphalt Overlay Coupling Stress. 
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Fig. 4 The influence of stress absorbing interlayer modulus on coupling stress 
Fig. 5 The influence of stress absorbing interlayer thickness on coupling stress 
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From the above calculation and analysis can be seen that stress absorbing interlayer can effectively 
reduce the stress of asphalt overlay, improve the forces of pavement structure, and obviously treat the 
reflective cracking. Therefore it is necessary to take different values of stress absorbing interlayer 
modulus and thickness to calculate, for analyzing the influence on stress absorbing effect, so as to guide 
practical application. Stress absorbing interlayer modulus is taken as form 200MPa to 1200MPa, increase 
step of 200MPa. The stresses are calculated, and the results are shown in Fig. 4. It can be seen, when the 
stress absorbing interlayer modulus varies between 200MPa and 1200MPa, the influence of it on σ1, σe 
and τmax is not large. As stress absorbing interlayer modulus increases, the differences of the maximum 
value and minimum value of σ1, σe, τmax is only 3.82%, 4.49% and 4.58%, the change is very small. 
This shows that stress absorbing interlayer modulus variation has little effect on stress concentration 
alleviation in the bottom of asphalt surface on the top of cracks. They all can play a better stress 
absorption. 
 (3) The Influence of Stress Absorbing Interlayer Thickness on Asphalt Overlay Coupling Stress. 
The stress absorbing interlayer thickness is taken as 0cm, 0.5cm, 1cm, 2cm, 3cm, 4cm, 5cm, and the 
results are shown in Fig. 5. The results show that with the stress absorbing interlayer thickness increases, 
σ1, σe, τmax become smaller. The stress absorption layer thickness changes from 0 to 2cm, it means after 
paving stress absorbing interlayer, the stress decreases sharply, and σ1, σe, τmax respectively reduce by 
68.75%, 66.74% and 66.45%. The stress absorption layer thickness changes from 2cm to 5cm, σ1, σe, τmax 
only reduce by 3.06%, 1.81% and 0.0%. This shows that there is a reasonable stress absorbing interlayer 
thickness. When stress absorbing interlayer thickness is less than the reasonable thickness, the stress 
concentration alleviation in the bottom of asphalt surface on the top of cracks can not completely play. 
While when its thickness is more than the reasonable thickness, the improvement in the forces of 
pavement structure is not large.
(4) Asphalt Overlay Typical Structure Recommendation based on Coupling Stress.As the asphalt 
overlay modulus increases, the maximum principal stress and maximum shear stress increase. When the 
asphalt overlay modulus increases from 600MPa to 2200MPa, the maximum principal stress increases 
from 0.13MPa to 0.25MPa, the maximum shear stress increases from 0.12MPa to 0.24MPa. The asphalt 
overlay modulus increases averagely l00MPa, the maximum principal stress increases 0.01MPa, and the 
maximum shear stress also increases 0.01MPa. Therefore, modified asphalt and other methods should be 
used to improve the asphalt overlay material performance. Through calculation and analysis, the 
reasonable range of asphalt overlay thickness is form 6cm to11cm. When the overlay thickness is within 
the reasonable range, the overlay effect would be better in conjunction with the other measures.
With the stress absorption layer thickness increases, the maximum principal stress and maximum shear 
stress decreases. When the stress absorption layer thickness increases from 0cm to 5cm, the maximum 
principal stress decreases from 0.72MPa to 0.18MPa, and the maximum shear stress reduces from 
0.60Mpa to 0.18MPa. The stress absorption layer thickness changes from 0 to 2cm, the stresses decrease 
sharply. The stress absorption layer thickness changes from 2cm to 5cm, the variation of stresses is small. 
Therefore, paving stress absorbing interlayer has play a big role on decreasing asphalt overlay coupling 
stress, and considering technical, economic and other reasons, stress absorbing interlayer thickness can 
not be too big. Through calculation, the reasonable thickness of stress absorption layer is 2cm. 
Aiming at different asphalt overlay structures now used in old cement concrete pavement with various 
highway grades, through investigating and analyzing the original pavement structure, damage condition, 
overlay rehabilitation scheme, using effects of dozens of domestic road, combining with relying project, 
and based on summarizing the internal forces of asphalt overlay structure under coupling action of vehicle 
load and temperature load, according to different highway grades, the following typical structures are 
recommended. It provides reference for the future asphalt overlay project on old cement concrete pavement. 
Highway grade Asphalt overlay structure type 
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Expressway 2cm stress absorption layer +5cm AC-16+4cm modified AC-13 
First class highway Asphalt felt or 0.5cm hot modified asphalt sub-sealing course +5cm AC-16+4cm modified AC-13 
Second class highway 2cm stress absorption layer +4cm modified AC-13 
Third, fourth class highway Asphalt felt or 0.5cm hot modified asphalt sub-sealing course +4cm modified AC-13 
Table 2. Typical Asphalt Overlay Structure on Old Cement Concrete Pavement 
4. Conclusions 
(1) With temperature variation increases, the asphalt overlay coupling stress increases linearly. With 
the asphalt overlay and stress absorbing interlayer thickness increases, the coupling stress decreases, and 
the stress absorbing interlayer modulus has no effect on coupling stress. With asphalt overlay modulus 
increases, the coupling stress of asphalt overlay with stress absorbing interlayer reduces, the coupling 
stress without stress absorbing interlayer increases. The coupling stresses of asphalt overlay with stress 
absorbing interlayer significantly reduce compared to those without stress absorbing interlayer. 
(2) According to the stress analysis of asphalt overlay under vehicle load and temperature load, the 
reasonable asphalt overlay thickness is 6cm~11cm, reasonable stress absorption layer thickness is 2cm, 
asphalt overlay should adopt modified asphalt, and based on this the asphalt overlay typical structures for 
different highway grades are recommend . 
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